. We present here the observation of a two-(2D) to three-(3D) dimensional transition in the normal-state fluctuation conductivity of Pb/Ge multilayers. We believe that this is the first time that a dimensional transition is observed in the fluctuation conductivity which is related to a parallel magnetic field. At this time, only limited calculations exist considering paramagnetic effects of a parallel field for layered superconductors with purely 2D superconducting layers [51.
Dimensional transitions in the critical fields of superconducting multilayers and intercalated dichalcogenides have received considerable attention for a number of years [l, 21 . The temperature, thickness, diffusion constant and density of states dependence of critical fields have all been exhaustively studied experimentally and found to be in good agreement with theoretical calculations [l, 21 . However, the observation of dimensional transitions in other physical properties has been restricted to changes in the zero field fluctuation conductivity as a function of temperature in NblGe multilayers [3] and of fluctuation diamagnetism above T, in Nb/Si multilayers [4] . We present here the observation of a two-(2D) to three-(3D) dimensional transition in the normal-state fluctuation conductivity of Pb/Ge multilayers. We believe that this is the first time that a dimensional transition is observed in the fluctuation conductivity which is related to a parallel magnetic field. At this time, only limited calculations exist considering paramagnetic effects of a parallel field for layered superconductors with purely 2D superconducting layers [51. Pb/Ge multilayers were prepared in a UHV molecular beam epitaxy (MBE) system equipped with two electron beam guns, at pressures better than lO-'Torr during evaporation [6]. Evaporation rates were controlled using a quadrupole mass spectrometer in feedback mode, at typical rates of 5&s for Pb and 2 . b for Ge. Multilayer samples consisting of 10 bilayers were evaporated onto liquid-nitrogen+ooled oxidized silicon and sapphire substrates, to assure uniform Pb layer growth. The thickness of the layers was cross-checked with quartz crystal oscillators, thickness profilometry and X-ray diffraction. Since X-ray diffraction experiments give no real space information, structural models have to be developed to compare the calculated diffracted intensity with the experiment. A kinematical model of the multilayered structure, including continuous Gaussian thickness fluctuations of the amorphous Ge layer and discrete Gaussian thickness fluctuations of the crystalline Pb layer, indicates that the interfacial roughness is of the order of a few A [71.
Standard four-point resistivity patterns were defined photolithographically using a liftoff technique. Low-temperature measurements were performed in fields up to 7 Tesla and in the temperature range of (1.5 + 10) K with a stability of a few mK. All resistive transitions discussed in this paper were measured in a field that was applied parallel to the multilayer surface and had a width smaller than 0.01K. The critical field Hcz was defined as the midpoint of the transition. Other definitions, however, do not change the conclusions presented here.
The temperature dependence of the parallel critical field of a layered superconductor has a distinct signature of its dimensionality and has been exhaustively studied for a number of years [l, 21 . Typically, an anisotropic three-dimensional superconductor (t > CL, tll) has a linear temperature dependence of HdlI given by
, where Q0 is the superconducting flux quantum, t is the superconducting layer thickness, tll(T) and E,(T) are the temperature-dependent parallel and perpendicular coherence lengths, respectively. A two-dimensional superconductor (t < Ell) however exhibits a square-root temperature dependence given by A multilayer, composed of alternating 2D superconducting layers and nonsuperconducting layers, will have a 2D or 3D behavior depending on the strength of the coupling. As seen in fig. 1 The temperature dependence of the fluctuation conductivity above T, has been predicted by Aslamazov and Larkin [8, 9] to depend on the dimensionality of the system. In 3D the fluctuation conductivity is given by with E = (T -T,)/T,. Further theoretical refinements change the detailed numerical values but do not affect the temperature dependence in a major way [9] . In fig. 2 Variations of the value of T, by 0.1 K do not change the slope appreciably but result however in more than a doubling of the x2 value. In addition we found that the Maki-Thompson correction term is negligible [lo, 111.
We expect the fluctuation behavior to be different for the Pb(220 A)/Ge(25 A) multilayer. Fig. 3 . Fig. 4 . ln(e2/16ht) = 6.53), but the presence of a parallel magnetic field is known [9-111 to leave the temperature dependence of afl unaltered, with E = (T -T,(H)/T,(H)), and an increased prefactor. We also found that all normal magnetoresistive effects are expected and found to be much smaller than the fluctuation conductivities reported here. In summary, we have shown experimental evidence for a 3D to 2D transition in the fluctuation conductivity of layered superconductors, clearly indicating the decoupling role of the magnetic field. This experiment stimulates theoretical calculations of the magnetic-field dependence of superconducting fluctuations of quasi-2D superconductors.
